Background: We aimed to determine the effect of excessive anticoagulation on morbidity and mortality in hospitalized patients with major anticoagulant-associated hemorrhage.
D ESPITE THE EFFICACY OF
anticoagulant medications in the prevention and treatment of arterial and venous thrombosis, hemorrhage continues to be a common and often serious complication of therapy. [1] [2] [3] [4] [5] Studies of warfarin treatment have reported annual incidences of major hemorrhage between 1% and 12% and fatal hemorrhage between 0.5% and 1.1%. 4, 5 The incidence has been higher in cohort studies than in clinical trials with selected populations. 6 Few prior studies have classified complications of anticoagulation according to whether they were related to excessive anticoagulation. In this prospective study, we examined the effect of excessive anticoagulation on morbidity and mortality in hospitalized patients with anticoagulant-related hemorrhage.
METHODS
This study was approved by the Partners Human Research Committee. We prospectively identified 101 consecutive inpatients admitted to Brigham and Women's Hospital, Boston, Mass, with major anticoagulation-related bleeding according to the Landefeld Bleeding Severity Index 7 over a 2-month period. According to this index, major bleeding is defined as bleeding that is (1) fatal, (2) lifethreatening, causing myocardial infarction, stroke, or surgical or angiographic intervention, or (3) potentially life-threatening, causing systolic hypotension (a Ն20% drop in systolic blood pressure to Ͻ90 mm Hg), critical anemia (a Ն20% decline in hematocrit to Յ20%), or reoperation. We defined anticoagulation-related bleeding as bleeding that occurred (1) during warfarin, unfractionated heparin (UFH), or low-molecular-weight heparin (LMWH) therapy, (2) following discontinuation of UFH or LMWH therapy within 24 hours prior to the hemorrhagic event, or (3) following discontinuation of warfarin therapy within 5 days prior to the hemorrhage.
Excessive anticoagulation was defined as administration of (1) warfarin with an international normalized ratio (INR) above the intended therapeutic range, 8 (2) UFH with 2 or more consecutive partial thromboplastin time (aPTT) measurements greater than 2.5 times the upper limit of the normal range, or (3) full, weight-based dosing of LMWH in the presence of renal insufficiency (serum creatinine level Ͼ1.5 mg/dL [Ͼ132.6 µmol/L]). The non-
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excessive anticoagulation group comprised those patients who did not meet these criteria for excessive anticoagulation.
The primary end point was all-cause mortality over 60 days. Our secondary end point was a combined nonfatal outcome of stroke, myocardial infarction, systolic hypotension (a Ն20% drop in systolic blood pressure to Ͻ90 mm Hg), critical anemia (a Ն20% decline in hematocrit to Յ20%), or the requirement of surgical or angiographic intervention to control hemorrhage during the hospital stay or up to 30 days after the initial hemorrhage.
Discrete variables were compared between the excessive and nonexcessive anticoagulation groups with a binomial test of proportions. We compared medians using the MannWhitney test. We used Cox multivariate analysis to determine the effect of excessive anticoagulation on the primary and secondary end points after accounting for baseline characteristics. Each potential cofactor was added to the model individually and was retained if it increased the hazard ratio (HR) by more than 10%. The Kaplan-Meier method was used to compare the end points between patients with and without excessive anticoagulation.
RESULTS
Fifty-one patients had nonexcessive and 50 had excessive anticoagulation. Baseline characteristics, principal indications for anticoagulation, and anatomic sites of hemorrhage were similar between the 2 groups (Table) .
Use of warfarin alone was more common in patients with excessive anticoagulation (P=.01) (Table) . For patients receiving warfarin alone or UFH or LMWH as a "bridge" to warfarin therapy, the median INR (range) was 4.1 (1.2-30.0) in the excessive group, and 1.9 (1.0-2.9) in the nonexcessive group (PϽ.001). Thirteen (43%) of the (30%) patients receiving intravenous UFH had 2 or more consecutive excessively high aPTT measurements. Their mean±SD aPTT was 132±23 seconds. Of the 50 patients with excessive anticoagulation, 8 (16%) were receiving full, weight-based dosing of LMWH despite renal insufficiency. There was a greater proportion of excessive anticoagulation in patients admitted with hemorrhage compared with patients who developed hemorrhage in the hospital (62% vs 37%; P = .01). At 60 days, the overall mortality was 18% (n=18): 10% (n=5) in the nonexcessive and 26% (n = 13) in the excessive anticoagulation group ( Figure, A; P=.03). The difference in mortality between the 2 groups emerged within a few days following the hemorrhage. Twelve of the 13 deaths in the excessive anticoagulation group and 4 of the 5 deaths in the nonexcessive anticoagulation group were clearly caused by or related to hemorrhage. Excessive warfarin therapy was associated with an increased 60-day mortality ( There was a higher rate of the nonfatal end point in the excessive anticoagulation group at 30 days (72% vs 39%; P = .001; Figure, B ). Only excessive anticoagulation contributed significantly to the nonfatal end point (HR, 2.17; 95% CI, 1.25-3.78; P = .006).
Twenty (39%) patients with nonexcessive and 32 (64%) patients with excessive anticoagulation received phytonadione (vitamin K 1 ) (P=.01). The median (range) of administered blood products, including packed red blood cell units, fresh frozen plasma, and platelet units transfused over the course of the hemorrhage was 2 (0-13), 0 (0-12), and 0 (0-5) units, respectively, in the nonexcessive and 3 (0-27), 3 (0-15), and 0 (0-12) units, respectively, in the excessive anticoagulation group (P=.15, .01, .21, respectively). The administration of vitamin K 1 or blood products did not contribute to 30-day mortality or the nonfatal end point.
Sixteen patients (31%) with nonexcessive and 28 (56%) with excessive anticoagulation developed new or worsening pulmonary congestion following the transfusion of blood products (P=.01). The development of pulmonary congestion did not contribute to mortality or the nonfatal end point on multivariate analysis. Five patients (10%) with nonexcessive anticoagulation levels and 4 (8%) with excessive anticoagulation developed a thrombotic event during 60-day follow-up (P=.75).
COMMENT
Our principal and most provocative finding was that the mortality of patients with major hemorrhage and excessive anticoagulation was greater than that of patients with major hemorrhage and nonexcessive anticoagulation. Most adverse clinical outcomes occurred in patients receiving warfarin alone or UFH or LMWH as a bridge to warfarin therapy. After adjusting for clinical covariates, excessive anticoagulation remained a strong independent predictor of mortality and the nonfatal end point.
Our findings are consistent with those of Odén and Fahlén, 8 who investigated the relationship of 1250000 INR values and mortality in 42 451 patients. They reported a 2.2-fold increase in the hazard of mortality per unit INR elevation greater than 2.5. These results underscore the importance of adhering as closely as possible to recommended therapeutic INR ranges for patients taking warfarin 9 and following standard heparin dosing and monitoring guidelines. 10 Suboptimal use and monitoring of UFH persist in clinical practice despite the availability of validated weight-based nomograms developed to optimize therapy. 11, 12 Patients with renal insufficiency who receive LMWH are at increased risk of hemorrhage; reduced-dose regimens with monitoring of anti-factor Xa levels may maximize safety. 13 Although the risk of intracranial hemorrhage increases with the level of anticoagulation, it may occur with nonexcessive anticoagulation. In a study of 121 patients with warfarin-related intracranial hemorrhage, more than half had a prothrombin time ratio of 2.0 or less at the time of diagnosis. 3 In our study, 9 (69%) of the 13 pa- End points in patients with major anticoagulant-related hemorrhage and excessive vs nonexcessive anticoagulation. A, Cumulative survival over 60 days (log-rank P = .03). B, Freedom from nonfatal end points (stroke, myocardial infarction, hypotension, critical anemia, and surgical or angiographic intervention) over 30 days (log-rank P = .001).
tients with nonexcessive anticoagulation had intracranial hemorrhage.
Excessive anticoagulation may occur, in part, because of errors in physicians orders, transcription of orders, pharmacy dispensing, nursing administration, and drug monitoring.
14 Our study findings confirm that errors in drug monitoring are the main cause of excessive anticoagulation. Preventive interventions, including computerized anticoagulant dosing adjustments, 15, 16 specialized anticoagulation clinics, 17, 18 "bridging" protocols, 19 and multicomponent strategies 20 may decrease the frequency of excessive anticoagulation and possibly reduce the morbidity and mortality associated with anticoagulant-related hemorrhage. Anticoagulation management in specialized clinics needs to be popularized, especially for patients at increased risk of both bleeding and clotting complications.
Because our study was performed in a single center, the results may not be generalizable to other populations with different clinical characteristics. Nevertheless, the strengths of our study include the prospective design, the recruitment of consecutive hospitalized patients with major anticoagulation-related bleeding, and accurate identification of patients receiving excessive anticoagulation prior to the bleeding event.
Future research should focus on detailed investigations of anticoagulant medication errors. Development and implementation of preventive measures will reduce the number of excessively anticoagulated patients and the magnitude of adverse clinical outcomes.
